Eight rabbits and 24 guinea-pigs were exposed to a silica dust cloud of about 40,000 pp./ml.
The findings of Gye and Purdy (1922) and Gye and Kettle (1922) that silicic acid and colloidal silica (forms of hydrated silica) are toxic to tissues gave rise to the solubility theory of silicosis according to which the silicic acid which is released from the silica particle is the agent causing fibrosis. Not- withstanding the large amount of experimental support for the solubility theory forthcoming from King and his co-workers from 1922 onwards, several facts cannot be explained by that theory, and King, Zaidi, and Nagelschmidt (1956) have suggested that the investigation of other theories might yield interesting information on the development of silicosis.
The possibility that lung lipids play a part in silicosis has been suspected for many years. Strachan and Simson (1930) noticed that one of the striking features in the well-formed silicotic nodule was the presence of lipid. According to these authors an increase of lipid is manifest as soon as silicotic fibrosis begins and increases with the advance of fibrosis. Sabin (1932) made the important discovery that the phospholipid fraction of Mycobacterium tuberculosis was responsible for the formation of a lesion histologically similar to that found in tuberculosis, and both Gardner (1937) and Fallon (1937) were impressed by the similarity between silicotic and tubercular lesions. In order to explain the similarity between these two lesions Fallon (1937) postulated that after death of the phagocytic cell, *Present address: Department of Botany, University of Chicago, Chicago 37, U.S.A. resulting from interaction between silica and the cell, the intracellular material was released and it was the phospholipid portion of this intracellular material which produced a lesion similar in histological appearance to that produced by fractions of Mycobacterium tuberculosis.
In support of this postulate Fallon demonstrated a large increase in the phospholipid content of the lungs of rabbits after intratracheal injection of quartz dust and showed that intraperitoneal reinjection of the phospholipid recovered from these rabbit lungs caused lesions similar to those produced by the tubercular phosphatide of Sabin (1932) .
The primary aim of this investigation was to confirm the large phospholipid increase observed by Fallon and to see if any correlation existed between the amount of phospholipid in the lung and the degree of fibrosis, as measured by the collagen content of the lungs (cf., Stacy and King, 1954) . In addition we were interested to obtain more detailed information on the changes in the lung lipids during the course of silica inhalation and for this reason analyses of lecithin and free and total cholesterol were carried out. We chose to analyse for these components of lung lipids since reliable methods are available for their direct determination. Finally analyses of the silica content of the lungs of the experimental animals were carried out to determine the amount of silica retained by each animal.
in volume and exposed to the inhalation of silica dust. The dusting mechanism consisted of a cylinder of silica dust on a floating platform, the height of which could be varied by means of a water drip. The dust was removed from the cylinder by suction and injected into the room with compressed air.
The measurements of the dust cloud by means of a thermal precipitator were carried out by the Johannesburg Chamber of Mines Dust and Ventilation Laboratories, and some typical measurements of the concentration and size distribution of the dust are given in Table 1 . The silica dust used was shown to contain King, Stacy, Holt, Yates, and Pickles (1955) , which is ideal for measurement of small quantities of silica and shown by the authors to be in good agreement with gravimetric methods. Collagen was determined by the method of Neuman and Logan (1950a and b) but included modifications suggested by Stacy and King (1954) and Martin and Axelrod (1953) . The accuracy of this method has been shown by Neuman and Logan to be ± 5 %.
Extraction and Purification of Lipid.-The residue of dried powdered lung was mixed with sea sand (Merck reagent), transferred to a "soxhlet" thimble, and extracted for eight hours with 150 ml. 3 :1 alcohol-ether mixture and subsequently for eight hours with 100 ml. 2 :1 chloroform-methanol mixture in a "soxhlet" apparatus. The alcohol-ether and chloroform-methanol extracts were combined and evaporated to dryness on a water-bath (6(0) in vacuo (water-pump).
The residue was freed from non-lipid contaminants by the method of Folch, Lees, and Sloane-Stanley (1954) , which has been shown to remove all non-lipid contaminants and less than 0 5 % of lipids from the original extract. In accordance with this method the residue was dissolved in 30 ml. 2 :1 chloroform-methanol mixture, 6 ml. of water added and the liquids mixed thoroughly. On standing, the system separated into two phases and the upper methanol-water phase containing all the nonlipid contaminants was removed with a pipette. The lower, predominantly chloroform phase containing all the lung lipids, was evaporated to dryness on a waterbath (600) in vacuo (water-pump). The residue, which represented the total lipid, was dried over phosphorus pentoxide (in vacuo) overnight, and weighed. The total lipid fraction was dissolved in 15 ml. 2 :1 chloroformmethanol mixture, and transferred quantitatively to a 25 ml. volumetric flask which was made up to volume with 2 :1 chloform-methanol. All subsequent analyses were carried out in duplicate on aliquots of this solution.
Phospholipids.-Total lipid phosphorus was determined by the method of Fiske and Subbarow (1925) on a 1 ml. aliquot of solution and the phospholipid calculated on the basis of:
Total phospholipid = total lipid phosphorus x 25. The procedure adopted for the determination of lecithin was based on that of Hack (1947) . It depends on the observation that lecithin and cephalin are completely hydrolysed by N-KOH in 18 hours at 370, whereas under these conditions there is no hydrolysis of sphingomyelin. The choline in the hydrolysis mixture is a measure of the lecithin. For this determination a 5 ml. aliquot of the lipid solution was evaporated to dryness under reduced pressure at 60°. The residue was dissolved in 0-2 ml. of boiling ethanol and emulsified in 5 ml. of N-KOH by blowing the alkali vigorously from a pipette into the alcoholic lipid solution. The emulsion was kept at 37°C. for 24 hours and the amount of choline present after this period determined by the method of Glick (1944) , as modified by Johnson, McNabb, and Rossiter (1948) . This method has an accuracy of ± 3 %. Colour density was measured in a Hilger Spekker absorptiometer using a green filter and a 4 cm. cuvette. A standard curve was constructed using solutions containing 1, 2, and 3 mg. of choline chloride. After a correction had been made for the dilution, the lecithin was calculated on the basis of: Lecithin = choline (as choline chloride) x 5-56. Free and Total Cholesterol.-Free and total cholesterol were estimated in 1 ml. aliquots of the chloroformmethanol solution by a modification of the colorimetric method of Schoenheimer and Sperry (1934) incorporating improvements suggested by Sperry and Brand (1943) and by Sobel and Mayer (1945) . The method has an accuracy of ± 2%. Colour density was measured in a Hilger Spekker absorptiometer using a red filter.
Results and Discussion
Guinea-pigs.-The amounts and percentages (calculated on dry weight of lung) of silica and collagen in the lungs of experimental and control guinea-pigs, killed at different time intervals, are shown in Table 2 . In accordance with expectation a steady rise in the silica content of the lungs with time was observed. The percentage silica in the lungs did not increase, however, due to the large increase in dry weight of the lungs with time. Therefore to express results as a percentage of dried lung is not appropriate, a fact that has been recognized already (cf., Collins and Dible, 1935; Pratt, 1954) .
The amounts of collagen in the lungs of the control guinea-pigs increased slowly with time due to the normal weight increases of the guinea-pigs. The amounts of collagen in the lungs of the experimental guinea-pigs were always somewhat larger than those in the controls. Table 3 gives the weight of the guinea-pig at the beginning of the experiment, the weight when killed, the wet and dry weights of lungs, and the amount and percentage of lipid and phospholipid. The percentages are calculated on the basis of the dry, lipid, and silica-free lung. The wet and dry weights of the lungs of the guinea-pigs exposed to a minimum of 12 weeks of inhalation of silica were considerably greater than the controls. In these animals too an increase in lung lipid and phospholipid is apparent. These results with guinea-pigs are in accordance with Fallon's (1937) findings of an increase in phospholipid in the lungs of rabbits after intratracheal injections of silica. It is important to stress, however, that the large dry weight increase of the lungs in our experiments is not accounted for solely by the lipid increase.
In Table 4 are shown the amounts and percentages of lecithin and total and free cholesterol in the lungs of experimental and control animals killed at different time intervals (percentage calculated on dry, Rabbits.- Table 5 gives the weights of rabbits at the beginning of the experiment, the weight when killed, wet and dry weights of lungs, and the amount and percentage of lipid and phospholipid. The percentages are calculated on the basis of dry, lipid, and silica-free lung.
In contrast to the results of Fallon (1937), it is apparent that there was no generalized increase in the content of lipid and phospholipid in the lungs of rabbits after inhalation of silica. The reason for this is probably that Fallon had used the technique of intratracheal injection whereby a massive dose of 250 mg. of silica was introduced into the lungs whereas with the inhalation technique used in our experiments the rabbits after 30 weeks' exposure to silica dust had still not inhaled 250 mg. of silica.
The difference between the results obtained with guinea-pigs and rabbits is of interest, since it has been noted in our laboratory for several years that by means of the inhalation technique it was very difficult to induce experimental silicosis in rabbits compared with guinea-pigs (Webster, unpublished work). In this respect the results assembled in Table 6 , namely, the amounts and percentages (calculated on dry lung weight) of silica and collagen in the lungs of experimental and control guinea-pigs "The most probable explanation for the difficulty of producing silicosis in rabbits is that under the usual laboratory conditions their activity, and therefore their respiratory minute volume, is low. According to Guyton (1947) the minute volume of guinea-pigs varies from about 100 to 350 ml./min. with an average of 150, whereas the respiratory minute volume of rabbits varies from about 270 to 1,200 ml./min. with an average of 800. Thus it would easily be possible for guinea-pigs, which are able to move about and be fairly active, to have a relatively greater respiratory rate taking into account the differences in lung volume. In support of this view is the observation that the Pathology of this Unit, for many valuable suggestions during the course of this work.
